One-way water supply systems which do not take into consideration the required demand are becoming an issue in terms of their efficient use of water. In this study, a demand prediction simulator was developed used to present the measures for increasing the water reuse ratio and reducing energy consumption. For its development, by using a multi-layer perception (MLP), a demand prediction module was developed, and an operating simulation module for the supply facilities of multiple water resources were implemented.
Introduction
In the water supply process (water intake, water purification, and water drainage), the supply system which is irrelevant to required demand has water use efficiency problems such as an over-supply of water, increases in water leakage ratios, and the supply cost increases. Therefore, a flexible water securing and supply system is needed considering these problems.
The goal of this study is to analyze water usage data per hour, and to predict the demand, and then, based on these, to develop a simulator for an hourly operating plan to achieve the water reuse target value and the energy savings target value.
Methods
The Research Institute at which we are currently working was selected as a test-bed. Also, the measured amount of water inflow included mineral water, water supplied from tap, groundwater inflow, and the seasonal flow of rainwater.
The program was developed to be directly executed if there is Microsoft's DOT.NET Framework 4.0installed, without requiring a separate installation program. For the neural network models to predict the output data, multi-layer perception (MLP) was used.
Results

Development of the Demand Prediction module
The demand prediction module can present learning data and the verification data through a linear regression model and the neural network model. For this to happen, a model optimizing algorithm through learning data was developed. The problems with water supply can be reviewed through the predicted output item data which was generated from the actual output item and the optimized model.
For the learning data and the verification data, the value of the coefficient of determination should be at least 0.6 to be considered as providing satisfactory performance, wherein the higher the coefficient value of determination, the higher the accuracy of the model. The demand prediction module is shown in Fig.1 . 
Development of operating simulation module for supply facilities of multiple water resources
Based on the operating data of the current facilities, the capacity of the facilities and the countermeasures for the water reuse target value and energy savings target values are analyzed and presented.
Setting the target value of the water reuse ratio
The priorities for the simulation were classified into three categories A, B, and C, depending on intended use and water quality, as shown in Fig.2 . The amount of reuse could be calculated by setting the maximum available amount to use for each type of demand. However, in case of the 3 rd priority C demand, it is not required to set maximum amounts, because it is assumed that the remaining portions would be used after using the 1 st and 2 nd priorities. Fig. 2 . Modeling results of learning data and verification data for water reuse ratio
Setting target values for energy savings
In order to perform the analysis of energy savings, the average operating hours of current facilities, the amount of power consumption per hour, and off-peak / normal power billing rate information is required. For energy saving measures, the following two cases are presented, which are considered to be applicable conditions in the Research Institute.
Energy saving measure to use midnight power Energy saving measure to use solar energy facilities
Queries about analysis results
The analysis results as shown in Fig.3 are displayed as in two cases; one is the analysis of the operating data based on the maximum use amount (CASE 1), and the other is that which is based on the average use amount (CASE 2). For each case, the available supply amounts depend upon demands A, B, and C which are calculated respectively.
For each case, reviewing facility capacity, reviewing facility operation, and reviewing water quality improvement can be carried out. And by using these features, the expansion or reduction of the facilities can also be presented. In addition, power consumption amounts in accordance with the capacity variations of facilities and variations to the operating hours and measures to achieve energy savings targets can be provided accordingly. 
Discussion
First, by using the simulator, I could learn that the test-bed, the Research Institute building where we are employed has the possibility to apply water reuse. Research should be further continued by obtaining largely accumulated amounts of data and developing an optimized simulator.
It is important to obtain a model that has optimized performance by reducing the number of hidden layers and nodes through demand prediction using neural network models. That's because it reduces the complexity of the model. It is necessary to select items having data variations and to exclude items whose values are unchanging, or predicting items (e.g. flux) whose variations are irrelevant at all, from the entry of the model. In addition, as much as possible, measures should be sought that consider event type factors such as rainfall.
Conclusions
This simulator presents measures to increase the water reuse ratio and save energy. And therefore, the research is believed to be necessary in terms of not only environmental aspects, but also economic aspects. In the future, an expanded configuration of this simulator which can be applicable to both the buildings and cities will contribute to the establishment of the water supply system, which can solve problems of imbalance in the water supply and provide an emergency water supply system as well.
